The current experimental values of anomalous magnetic moments of muon and electron deviate from the Standard Model predictions by few standard deviations, which might be a hint of new physics. The sizes and signs of these deviations are different and opposite between the electron and muon, which makes it difficult to explain both of these anomalies in a consistent model without introducing large flavour-violating effects. It is shown that they can be simultaneously explained in the Minimal Supersymmetric Standard Model (MSSM) by arranging the sizes of bino-slepton and chargino-sneutrino contributions differently between the electron and muon sectors. The MSSM spectrum features very light selectrons and wino-like chargino, while they can evade LHC constraints due to degenerate spectra.
Introduction
The anomalous magnetic moments of leptons, g − 2, are some of the most precisely measured quantities that test the validity of the Standard Model (SM). Interestingly, current experimental values of g − 2 for the electron and muon deviate from the state-of-the-art SM predictions which may be a hint of new physics.
The biggest discrepancy between the SM prediction and the experimental is observed for (g − 2) µ which is at the level of 3.7σ [1, 2] :
where a µ ≡ ((g − 2) µ )/2.
More recently, the updated value of the fine structure constant resulted in a new SM prediction for (g − 2) e [3] , which is 2.4σ below the value obtained by the measurement [4] : 
The long-lasting (g − 2) µ anomaly has been exhaustively studied over the years and the most interesting new physics scenarios explaining it include low-energy supersymmetry (SUSY) [5, 6] , light pseudoscalar [7, 8] and dark photon [9] . Providing a common explanation for both (g − 2) e and (g − 2) µ anomalies is more challenging. This is because in generic models without flavour violation new contribution to g − 2 of a given lepton is proportional to the mass squared of that lepton. Namely, if new physics is flavour blind, its contributions to the anomalous magnetic moments, a 
This is in a sharp contrast with the above experimental observation, which indicates a different relation m 
The program of explaining both (g − 2) e and (g − 2) µ anomalies by the same new physics faces two problems. Firstly, such a new physics model has to give an order of magnitude larger contribution to the (g −2) e than naively expected from the contribution to the (g −2) µ .
Second, the model must give the contributions to (g − 2) e and (g − 2) µ with the opposite signs.
There has already been several attempts to explain the experimental results for muon and electron g −2. It was argued in ref. [10] that this requires new sources of flavour violation, see also ref. [11] . One solution is to introduce a single CP-even scalar with sub-GeV mass that couples differently to muons and electrons [12] . In ref. [13] both anomalies were explained by introducing a light complex scalar that is charged under a global U(1) under which the electron is also charged but muon not. Axion-like particles with lepton-flavour violating couplings explaining measured values of (g − 2) e and (g − 2) µ were investigated in ref. [14] .
It was also shown that appropriately large contribution to the (g − 2) e can be obtained for light sleptons in Minimal Supersymmetric Standard Model (MSSM) if flavour violating off-diagonal elements are introduced in the slepton mass matrices [15] .
In the present work, we will show that both anomalies can be simultaneously explained in the MSSM without introducing explicit flavour mixing. We make use of the fact that there are two one-loop diagrams that may give significant contributions to g − 2 in the MSSM.
These contributions may have a different sign and they have different scaling behaviour for increasing slepton masses. These features allow the total SUSY contributions to (g − 2) e and (g − 2) µ to have a different sign and correct magnitude to explain the experimental data if smuons (or at least the right-handed one) are heavier than selectrons. Fitting simultaneously (g − 2) e and (g − 2) µ leads to quite sharp prediction for the electroweak part of the MSSM spectrum with some sleptons and wino-like chargino with masses not far above the LEP bound of about 100 GeV [16] but consistent with the LHC constraints.
The rest of the paper is organized as follows. In Section 2 we briefly review dominant contributions to the lepton g − 2 in the MSSM and qualitatively discuss properties of the MSSM spectrum leading to a good fit to the measurements of electron and muon g −2.
In the following sections we discuss two scenarios in more detail paying a particular attention to the LHC constraints. In Section 3 we discuss a case with the right-handed smuon much heavier than the rest of the sleptons of the first two generations, while in Section 4 we discuss a case motivated by the Higgs mediated SUSY breaking scenario with both left-and right-handed smuons heavier than selectrons. We reserve Section 5 for conclusions and final remarks.
Supersymmetric contribution to lepton magnetic moment
In the MSSM there are two types of the leading one-loop contributions to the anomalous magnetic moment of a lepton l; the contribution coming from a chargino-sneutrino loop, a (6) where ml L and ml R are slepton masses, and the loop functions are given by
In our numerical analysis, we compute the total SUSY contribution, a SUSY l , at one-loop level following the calculation of ref. [6] .
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The muon g − 2 anomaly has been exhaustively studied in the MSSM for many years, see e.g. [6, [18] [19] [20] [21] [22] . It is well known that the current central value of muon g − 2 can be explained with either chargino-sneutrino [6] or bino-smuon [20] contribution even if one of these contributions is negligible. However, obtaining the observed deviation in the electron g − 2 is more challenging because it requires an order of magnitude larger SUSY contribution after taking into account the universality scaling factor m 2 e /m 2 µ . We found that it is difficult to explain the current central value of electron g − 2 with chargino-sneutrino contribution alone because it requires the left-handed selectron and both the wino and higgsinos to be very light, which are subject to tight collider constrains. It is much easier to explain the current central value of electron if bino contribution is non-negligible.
Since the measurement of muon g − 2 shows even larger deviation from the SM prediction an interesting question appears whether both (g − 2) e and (g − 2) µ can be explained simultaneously in the MSSM. This is not possible in a universal case of the same soft masses 1 We also cross-checked our results with a routine for calculation of a SUSY µ in MicrOmegas code [17] and found a good agreement.
for smuons and selectrons because this predicts the ratio of SUSY contributions to (g − 2) e and (g − 2) µ to be m We found that explaining electron g − 2 with a large negative chargino-sneutrino requires left-handed selectron and both charginos to be close to the LEP bound (m 100 GeV).
In this part of the parameter space, the bino-smuon contribution is too small to explain the muon g − 2 even for light smuons just above the LEP bounds. Thus, in what follows, we assume a SUSY e is dominated by the bino-selectron contribution and take µM 1 < 0 to make this contribution negative. We also choose µM 2 > 0 to make the chargino-sneutrino contribution positive which is supposed to dominate a SUSY µ
. We identified two patterns of non-universalites in the MSSM spectrum that allow for negative contribution to (g − 2) e and positive contribution to (g − 2) µ with the correct magnitude to explain the experimental values. In each case selectrons and wino-like chargino and neutralino must be very light with masses not far above the LEP bound but fulfilling LHC constraints. In order to explain the current experimental value of (g − 2) e one also needs a large left-right mixing term, m e (µ tan β − A e ), in the selectron mass matrix to enhance the bino-selectron contribution.
This prefers relatively large µ unless A e is very large. In the following analysis we assume for simplicity vanishing A-terms. We discuss other features of the MSSM spectrum that lead to simultaneous explanation of both anomalies in the following sections.
Heavy right-handed smuon
In this section, we pursuit an idea that (g − 2) µ is explained by the chargino-sneutrino contribution by suppressing (opposite-sign) bino-smuon contribution by making the right-handed smuon heavy, while (g − 2) e is explained by the large negative bino-selectron contribution assisted by relatively large left-right mixing term, m e (µ tan β − A e ). In order to conveniently 250 500 750 1000 1250 1500 1750 2000 show the effect of the bino-slepton and chargino-sneutrino contributions, we introduce
such that
Namely, R 
approaches a half of that value.
In fig. 1 we present R l 's as a function of the right-handed smuon mass, m µ R . The other parameters are fixed in such a way that the SUSY prediction of (g − 2) e is in a good agreement with the experimental value. We see that for very low m µ R , the deviation of (g − 2) µ from the experimental value is large and negative, where the SUSY contribution to (g − 2) µ 100 150 200 250 300 350 400 µ [GeV] 1σ (e ) 1σ (e ) 2σ (e ) has a wrong sign. This is because in this region the bino contribution dominates a In order to simultaneously explain (g −2) e and (g −2) µ selectrons must be rather light and a preferred range of parameters strongly depends on m µ R , the chargino masses and the rest of the slepton masses. For smaller m µ R , the wrong-sign bino-smuon contribution increases which must be compensated by increasing the chargino-sneutrino contribution that has the correct sign. Since a
∝ ∼ 1/µ in the limit of large µ, the chargino-sneutrino contribution becomes relatively more important as µ decreases. However, for smaller µ selectrons must be very light to account for the observed value of (g − 2) e . It can be seen in the left panel of Fig. 2 that for the right-handed smuon mass five times larger than the mass of the other sleptons, the latter must be below 180 GeV in order to explain both (g − 2) e and (g − 2) µ at 1σ level, while the preferred higgsino mass is around 1 TeV. On the other 500 1000 1500 2000 2500 3000 1σ (e) 2σ (e ) 2σ (e) hand, in the limit of a very heavy right-handed smuon, cf. the right panel of Fig. 2 , the other slepton masses can be as large as 220 (330) GeV to fit both (g − 2) e and (g − 2) µ at the 1σ (2σ) level. The preferred higgsino mass in this case is around 1.5 − 2 TeV.
In the analysis so far we fixed tan β = 60. The (g − 2) e can be explained also for smaller values of tan β but at the cost of larger µ. Since smaller tan β and larger µ makes a SUSY µ smaller, fitting (g − 2) e and (g − 2) µ simultaneously implies a lower bound on tan β. In Fig. 3 we show contours of a SUSY e and a SUSY µ in the plane of µ and tan β fixing the wino, selectron and left-handed smuon masses at 110 GeV, i.e. just above the LEP bound. We see that tan β as small as 15 is sufficient to explain (g − 2) e and (g − 2) µ at 1σ level in the limit of decoupled right-handed smuon. For lighter right-handed smuon the lower bound on tan β is more stringent because the bino-smuon contribution partially cancel the chargino-sneutrino one. For the right-handed smuon five times heavier the right-handed selectron tan β must be at least 20 to fit both (g − 2) e and (g − 2) µ within the 1σ level. Allowing 2σ deviations tan β of about 10 is also possible.
LHC constraints
We have just seen that in order to simultaneously fit (g − 2) e and (g − 2) µ very light sleptons and chargino are necessary. Such light sparticles are generically strongly constrained by the LHC data. However, unlike coloured particles, the limits on electroweakly interacting particles are not very strong, especially when the spectrum is compressed. In this subsection, we provide an example spectrum that can fit both g − 2 anomalies and is allowed by the current LHC data. Our benchmark point, BP-1, is defined by the following parameters:
With this set of parameters, the SUSY contributions to (g − 2) e and (g − 2) µ are:
e , aχ µ , aχ
which are within the 1-σ bands of the measurements. The masses of the physical states are calculated using Suspect [23] and shown in Table 1 . We also show the relevant branching ratios, calculated using SDecay [24] , and cross-sections, calculated using Prospino 2 [25] at the NLO accuracy, in Table 2 .
There are several light sparticles which have sizeable production cross-sections and are potentially visible. They are the wino-like chargino and neutralino, two selectrons and sneutrinos and left-handed smuon. In order to avoid LHC constraints the spectrum of light sparticles must be compressed. that bino is the LSP, while wino is the NLSP.
3
The production process with the largest cross-section isχ 2.44 pb. Theχ 0 2 decays roughly half of the time invisibly and the other half to the LSP and a soft photon, whileχ ± 1 decays via an off-shell slepton into a charged lepton, a neutrino and the LSP. Thus in this production mode the signature is either a soft lepton + / E T or a soft lepton + a soft photon + / E T . We did not find any relevant search performed by the LHC collaborations that can be sensitive to this signature, given the fact that the mass splitting between the bino and wino is only 4 GeV.
The production mode that has the next-to-the largest cross-section isχ of data have been published in ref. [30] . In this analysis, the limits were obtained only for the chargino-LSP mass splitting above 8 GeV. Since the corresponding mass splitting is 4 GeV in BP-1, this limit cannot be applied. More recently, ATLAS presented preliminary results in similar search channel but allowing for smaller mass splittings using about 139 fb −1 of data [31] . For the chargino-LSP mass splitting of 4 GeV, ATLAS obtained a lower limit on the wino-like chargino mass of about 170 GeV assuming theχ . Moreover, it should be stressed that ATLAS has derived their constraint by performing a shape fit analysis for variables that optimises search sensitivity for a given signature. Since the event topologies in BP-1 are different from those in the ATLAS ones, one cannot directly map the ATLAS constraints to BP-1 due to different kinematics. For similar reasons, one cannot apply the constraint of the slepton search in the same conference note, which assumes a two-body decay of sleptons, while it is a three-body decay in BP-1. Slepton pair production cross-section is more than one order of magnitude (even a factor of a hundred for right-handed sleptons) smaller than that of the chargino pair production. In BP-1, the right-handed selectron has the mass around 200 GeV and decays into a lepton and the bino-like LSP, while the left-handed sleptons decays mainly into the wino-like chargino or the neutralino accompanied by a neutrino or a lepton, respectively. The mass splitting between sleptons and bino-like (wino-like) states is about 30 (25) GeV in BP-1. This is too small to be constrained by the standard di-slepton searches with large / E T (see, [32] and [33] ).
On the other hand, the ATLAS soft leptons search [31] particularly targets compressed slepton-LSP spectra. However, they found a limit for the mass splitting below 20 GeV, while did not set any relevant constraint for the mass splitting above 25 GeV. The sneutrino-slepton production cross-section is somewhat larger than the slepton pair production cross-section.
However, this increase of cross-section is partially compensated by the fact that about one third of sneutrinos decay into totally invisible final states. Sneutrinos decay about half of the time into the chargino and a lepton. While there is no existing search that excludes this model point, it is interesting to note that a signature of the sneutrino-smuon production in this scenario is three soft leptons in the final state (or even four leptons if slepton decays to chargino rather than to neutralino).
A case with the alignment from Higgs mediation
While the simultaneous explanation of the (g − 2) e and (g − 2) µ anomalies presented in the previous section is somewhat straightforward, it asks a large mass splitting between selectrons and the right-handed smuon, mẼ ). In general, such a mass splitting generates large flavour-violating off-diagonal entries in the slepton mass matrices when the lepton mass matrix is diagonalised. These off-diagonal entries are phenomenologically dangerous since it leads to lepton flavour violating processes such as µ → eγ, which is strongly constrained experimentally [34] . In order to keep this decay rate below the experimental upper limit, the slepton mass matrices must be aligned with the lepton mass matrix, so that they are simultaneously diagonalised with the common rotation matrices. In the scenario presented in the previous section, we must assume this alignment but did not find any good theoretical justification.
In this section, we work within a framework in which this alignment is naturally realised due to the mixed contributions from the Higgs mediation [35, 36] and the usual flavouruniversal contributions to the soft mass matrices. The Higgs mediation gives the soft mass terms that are proportional to a product of Yukawa matrices, YY † or Y † Y depending on the handedness [35, 36] . The sfermion masses in this framework can be written as
where m 
Note that this framework cannot accommodate the mass spectrum presented in the previous section because it is not possible to make mẼ This also implies that staus are essentially decoupled in this setup with masses of at least few TeV.
In the Higgs mediation scenario, Eq. (15), the mass hierarchy is generated both in the left and right-handed sectors by m
R . This suppresses not only the bino-smuon contribution but also the chargino-sneutrino contribution to (g − 2) µ . We note, however, that the bino contribution decreases with increasing smuons masses faster than the chargino contribution as long as (at least) one of the charginos is heavier than smuons. In the limit of heavy smuons (assuming bino lighter than smuons), the bino contribution scales as:
Scaling of the chargino-sneutrino contribution depends on the hierarchy of |µ|, |M 2 | and sneutrino mass. In the limit |M 2 |, |µ|
We see that the bino contribution scales with the common smuon mass mμ as 1/m 4 µ , while the chargino contribution does not depend on mμ up to an O(1) factor originating from the loop function (7). However, in the part of the parameter space where |M 2 |, |µ| mν µ , the LHC constraints on the chargino mass are very strong, especially for wino decaying via intermediate sleptons which is excluded up to about 1.1 TeV [37] and SUSY contribution to muon g − 2 cannot be large enough to explain the observed discrepancy between theory and experiment.
If only one chargino is much heavier than sneutrino, the chargino-sneutrino contribution scales as:
100 200 300 400 500 600 700 800 900 1000 In fig. 4 we show R l 's as a function of m H . The selectron, wino and bino soft masses are fixed to 130 GeV, while the higgsino mass is set to 800 GeV, which results in the SUSY prediction of (g − 2) e in a good agreement with the experimental value. We see that for small m H the bino contribution, which is negative, dominates a SUSY µ . When m H reaches around 300 GeV, the chargino contribution starts to dominate, and for a range of m H between about 300 and 700 GeV, (g − 2) µ is in a good agreement with the experimental value within 1σ.
For larger m H the chargino contribution to a SUSY µ is too small to fit well the experimental data.
Selectrons and wino in this scenario are even lighter than in the previous scenario with the heavy right-handed smuon, and the preferred value of µ is also smaller. This is because in the present case the left-handed smuon is also heavy, which suppresses the chargino contribution to (g − 2) µ . This suppression can only be compensated by smaller µ. On the other hand, smaller µ suppresses the bino contribution to (g − 2) e , which must be compensated by lighter selectrons. From the left panel of fig. 5 we see that for m H = 700 GeV, the selectron and wino masses have to be below 150 (250) GeV to explain both (g − 2) µ and (g − 2) e at 1σ (2σ) level. A preferred value of µ is around 400 − 800 GeV, which can be seen also from the right panel of fig. 5 . We also see that m H has to be below 1 TeV to explain both (g − 2) µ and (g − 2) e at 1σ level. Notice also that there is an anti-correlation between µ and m H so the upper bound on m H gets stronger for larger µ.
Let us finally note that in this scenario values of tan β which are required to explain the data have to be larger than in the previous case of only the right-handed smuon being heavy.
We found that even for the selectron and wino masses equal to 110 GeV, i.e. just above the LEP bound, tan β has to be above 40 to explain both (g − 2) µ and (g − 2) e at 1σ level.
LHC constraints
In order to discuss the LHC constraints let us investigate a benchmark point BP-2 defined by the following parameters: ± ν e 1.5 Table 4 : The NLO production cross-sections at the 13 TeV LHC and branching ratios of light sparticles for BP-2.
With this set of parameters, the SUSY contributions to (g − 2) e and (g − 2) µ are: µ , aχ
which are within the 1-σ bands of the measurements. The masses of the physical states are shown in Table 3 , and the relevant branching ratios and cross-sections are presented in Table 4 .
We see that in order to explain both (g − 2) e and (g − 2) µ the masses of selectrons and wino-like states are smaller than in BP-1. The corresponding production cross-sections are larger by a factor of five. Therefore, in order to avoid LHC constraints we expect to need even smaller mass splittings. We see from Table 4 that the splitting between the wino-like chargino and the neutralino is about 2 GeV. For such splitting the ATLAS soft dilepton search [31] sets a lower bound on chargino mass of about 100 GeV i.e. comparable to the LEP bound.
Moreover, similarly to BP-1 the ATLAS search cannot be applied directly due to different kinematics. It is noteworthy that in the present case decays of the wino-like chargino result only in electrons in the final state since decays to muons are suppressed by a large smuon mass. Another difference from BP-1 is that decays of the wino-like neutralino are mostly invisible, which is due to a smaller mass splitting between the electron-type sneutrino and the LSP.
In contrast to BP-1, smuons in the present case are neither compressed nor decoupled, so the LHC constraints are in principle relevant. For 100 GeV LSP, CMS set a lower bound on the smuon mass, which is about 300 GeV by a search for the direct pair production of degenerate left-and right-handed smuons using 35.9 fb −1 of data [33] . More recent ATLAS preliminary results based on 139 fb −1 of data provides a lower bound of about 700 GeV, but assuming full mass degeneracy between the first and the second generation of sleptons [32] .
While the ATLAS search cannot be used directly to set the limit on smuons one can approximately use it in our scenario noting that the pair production cross-section for the first two generations of 700 GeV sleptons is about 0.24 fb, which can be used as the cross-section upper limit. In BP-2, the cross-section for pair production of right-handed and left-handed smuons is 0.11 fb, which is smaller than this limit. One should also take into account that left-handed smuons decay into muons andχ 0 1 orχ 0 2 with branching ratios of about 40 % and that dimuons in final state result also from the pair production of muon-type sneutrinos and sneutrino-smuon associated production. The total dimuon production cross-section from all of those modes is about 0.14 fb, which is still smaller than the corresponding ATLAS limit 0.24 fb.
Another difference between BP-1 and BP-2 is the higgsino mass. While µ = 1700 GeV in BP-1, it is 700 GeV in BP-2. Despite the lighter higgsinos, the BP-2 still satisfies the LHC constraints. Generally, the limit on the chargino mass is the strongest if it decays into the LSP via on-shell sleptons. [38] . In that analysis a lower bound on the chargino mass was set to ∼ 700 GeV for the LSP mass of 100 GeV with the assumption that χ ± 1 andχ 0 2 are wino-like. We estimate that this corresponds to a lower bound on higgsino-like chargino mass of about 600 GeV since the higgsino production cross-section is smaller by a factor of two compared to the wino case with the same mass. There is also a relevant CMS analysis targeting the pp →χ . This search places an upper bound on the chargino-neutralino production of ∼ 10 fb, which is weaker than the total higgsino production cross-section including all production modes, which amounts to ∼ 6 fb, as seen from Table 4 . Moreover, all those searches assume that the chargino and neutralino have only one decay channel, while in BP-2 several decay channels are equally important so the lower limit on chargino mass is expected to be much weaker than those provided by the experimental analyses in simplified models.
Conclusions
We have investigated the scenarios in the MSSM that explains both electron and muon g − 2 anomalies. It has been demonstrated that this is possible without introducing explicit flavour-mixing by arranging the bino-slepton and chargino-sneutrino contributions differently between the electron and muon sectors. We identified features of the sparticle spectrum where smuons are not degenerate with selectrons and the sign of M 1 M 2 is negative. Moreover, selectrons and wino must be very light, while higgsino tends to be heavier with mass O(1) TeV and large tan β is preferred.
We analysed in detail two scenarios with a different pattern of smuon masses. In the scenario with the right-handed smuon much heavier than the other sleptons, selectrons, the left-handed smuon and wino must be lighter than ∼ 200 GeV for tan β = 60 to simultaneously fit (g − 2) e and (g − 2) µ at 1σ level. In the second scenario, motivated by the Higgs mediation where the µ → eγ is naturally suppressed, the left-and right-handed smuons are almost degenerate. Fitting (g − 2) e and (g − 2) µ at 1σ level requires even lighter selectrons and wino with masses below ∼ 150 GeV for tan β = 60. While selectrons and wino are very light, all LHC constraints can be satisfied due to the small mass splitting between wino-like chargino and neutralino, selectrons and the bino-like LSP.
Note Added
During completion of this work Ref. [40] was submitted to arXiv where simultaneous explanation of the (g − 2) e and (g − 2) µ anomalies was also proposed in the framework of the MSSM without introducing lepton flavour mixing. However, the parameter space considered in Ref. [40] is very different than ours since they consider µ in a range of hundreds of TeV which results in very large threshold corrections to electron and muon Yukawa couplings.
Predictions for the sparticle spectrum are also very different than in our setup since masses of selectrons are in the multi-TeV range.
